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Mechanics [Mathematics {^)I 




Time ; * hours 
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Remark : Calculators are allowed. 

11 - Gray national acceleration g = V A m / see 1 T ^ 

T - ( A i . J Y ) is the set of jight hand system of unit vectors, w r her A , A j are orthogonal 
in the direction of ox and o y respectively, while A l: is perpendicular to tlieii'plane 
in direction o z. 

1-5 


Answer 1 \\'Q Questions OXLY from the following : 

1 - ( ' ■ Marks ) 

(a) Two forces of magnitudes F „ F + £ newtons act on a particle and the magnitude of their 
resultant is 4VT newtons . If the line action of their resultant is perpendicular to the line 
action of the smaller force, find the value of F and the measure of the angle between the 
two forces. 

(b) ABCD is a rectangle , in which AB = 1 - cm , BC = ' T cm, and X, Y are the 
mid-points of AB , CD respectively. Forces of magnitudes * A , * * 

gm ,wt acted along AB , CB , CD , AD , AY and CX respectively. 

Prove that this system is equivalent to a couple and find the norm of its moment, 
t-p. Marks ) ^ ^ 

{a) The forces F ■. = A i + A ^ 3 Ft = lA + . F T = A i - A j act at the point A ( ^ 3 ^ ) . 

If the sum of moments of these forces about the point B f-V) is T _ find each of: 
the constant L and the length of the perpendicular segment drawn from the point B to 
the line action of the resultant of these forces. 


(b) AB is a light ruler measured in centimeter rests horizontally on two supports at the points 
C. D such that C vE AD and ’f AC = T BD = CD . A weight of magnitude (W) newton 

suspended from the point M, lying on the ruler. The ruler is about to rotate if either a 
weight of * 1 newtons is suspended at A , or a weight of 1 newtons is suspended at B. 
Find the magnitude of (W) and prove that 


r- ( ' ■ Marks ) 


MB 


(a) AB is a uniform rod of weight ^ kg.wt (acting at its mid-point). Its end A is fixed at 

a hinge in a vertical wall. A horizontal force of magnitude F kg.wt acts at its end B such 
that the rod becomes in equilibrium in a position inclined to the vertical with an angle of 
measure 50 . Find the value of F and the reaction of the hinge at A . 

(b) XYZL is a right angled trapezium at X in which XL U YZ , XY = XL = 11 ■ cm and 
YZ = ^ ■ cm . Forces of magnitudes * 4 , Fi, 15 ft , d : Fv newtons act along 

YX , ZY , LZ , IX and YL respectively . If the line action of the resultant of these forces 
passes through the point d the values of F\ . Fv _ 
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(B) (xC) 2 = (12f + (5) 2 = 169 .-. xC=13 .Ny = 

(18,18) form couple whose moment is = 


12x5 

13 


= xK hart 


-18 x 12--216 qm.wt.cmlOneinark 


(20,20) form cou pile whose moment is = 


20 x 10 = 200 gm.wt.cm One mark 


(26,26) form couple whose moment is = 


26x 12 x 5 = 120 gm.wt.cm iQnemark 


13 



The set of 
moment ^ 


1 * cm 


gm.wt.cii E |One mark 


The set of forces is equivalent to a tQMPie whose 


moment’s norm is 104 g m.wt. cm lhaif 


< Jjlill ytlji) 


Question T (1 - marks) | (a) ^ marks + (b) * marks 
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(Ai 


"T£= (2-*-L)i +■ 12 j I two marks 
v-M- c = BA |One mark 


-~. 26k -(3 i +2 i) half x[<2 + L)E + 12 j] half 


26 k = (32-2L)k half 


_■L = 3 | half | &~R=5i+12j 

.-.The length of the line segment drawn from the point B to the tine action of 


the resuttanrR = 


~Fl 


(B) Let: 2AC = 2 BD = CD = 2L cm 


-M; 


E 


half 


26 

13 


= 2 length unit Ihalfl 


half 


(First) M c = 0 [half 


W x=10l __Cl) Ihalfl 


(Second) - 

£ 

□ 

ii 

o 

half 

6L = W (2L -x) 

V 

half 




Wx = 2L(W-3). 

--(2) r 



from(1)and (2) we get 2(W-3> = 10 =>W = 8newtons lhalf 
and from (1) 8x = 10L 


x= —L half 

4 


L + 5 L 

AM L + x _ L 4 L 


MB 3L-x 3I-—L 


half 
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(A J Assume that the tine actions of the weight and the 
horizontal force F intersect in D 

The reaction "R" at the hinge must pass through the point D 
Let AS = 4L => AC = 2L, BC = 2^5"L 
(AD) 2 = (V3 L) 2 + (2L) 2 = 7 L 2 
_AD = Vf L Thiif 

F R 6 


CDA is the triangle forces 
F R 6 


half 


CD DA AC 


One mark 


One mark 


^3L <JT L 2L 
F = 3 s/3 kg.wt Thalf1& R = 3V? r kg.wt [hilf 



(*>VI 
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(B> From the properties of the geometericai shape 

LY = 1 Q*fl cm, XH = XN = 5-yicm, LM=10cm 




half 


The line action of the resultant // YL 
M v = M l | One mark] 


.-.-5x10 + 15 V2 x 10 */2 Thalfl =F H xtQ +- 2Q <10 
.-. - 5 + 30 = F, + 20 => F t = 5 newtons I ha if 


half 


v The line action of the resultant passes through the point X 


--- M x =0 


half 


= 0 


.\-F z x 5^/2 +5x10 + 15>/2x5V2 [half 
.. = 40 => F 2 = 2oV^ newtonslhalf 


H 
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| f' ~ -■ * * 13 ' ' ■ -V' 1 | 

Remark : Calculators are allowed. 

{1) Gravitational acceleration g = 9.8 m / sec" 

(-)<J > J > is the set of right - hand system of unit vectors, where" 1 . . 'j are orthogonal in 
the direction of o x and o y respectively, while \ is peipendicular to their plane . 

I - STATICS 

Answer TWO Questions ONLY from the following 

1 - (a) Two forces of magnitudes 4 , F kg.wt acts on a particle and the measure of the angle 
between them is 120° . If the line action of their resultant is perpendicular to the line 
action of the fir st force. Find the value of F , then find the magnitude of the resultant of 
the two forces . 

(b) The force F = lA ■I" Iv'f'j , acts at the- point A —( 2 1 ) and the algebraic measure of 

its moment about the point B = { 1 . 4 ) equals 11 moment unit. and its moment about 
the point D = (—1,3) vanishes. Find the magnitude of T. 

£ - (a) AE is a rod of length 100 cm and of weight 20 Newton acts at its midpoint, rests 

in a horizontal position on two supports, one of them is at a di stance 30 cm from A„ and 
the other' is at a distance 20 cm from B. Find the magnitude of the pressure on each 
of the two supports. Find the magnitude of the weight that should be suspended at B 
such that the rod is about to rotate. Then Find the value of the pressure on the 
support which is nearest to the point B at this instant. 

(b) ABCD is a rectangle . in which AB = 9 cm , BC = 24 cm. H . F are the mid points of 
EC , AD resp ecti vely . Forces of magnitudes IS , 48,30 ., 24 gm.wtact along 
a£ , BC , CF and FA respectively. Prove that this system is equivalent to a couple . 
and find its moment norm. Then find the magnitude of the two forces which act 
along ,, F<? such that the tw r o forces will be in equilibrium with the given forces. 

3 - (a) A smooth sphere of weight 3 0 Newion rests on a smooth vertical wall and is 

suspended from a point on its surface by a light string, the other end of the string is 
attached to a point on the wall vertically above the point of contact between the wall 
and the sphere If the length of the string equals the radius of the sphere . Find the tension 
in the string and the reaction of the wall in state of equilibrium. 

(b) ABC is an isosceles triangle in which in { Z A ) = 120°, forces of magnitudes 4,4 and 
4 VI kg.wt are acting along a£ , aC 1 and B? respectively. Prove that the line action 
of the resultant of these forces passes through the midpoint of BCo and parallel to Ac 

| *^a~sti j -- ^2 -i*'■ ■>[! uL J 
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^ T * 1 \ >'L*J -LiIjJi 4ijiGSl 4dUil j^ll ^Luj i 


[ -L. j^iiJ'j 1 '— |j V]l :| t -_ ■*'' ] ij-n ■* |T J 


Ji/£.«=* VV 

f-\ 

jjiH 

49*1 

\ _ J 


: Vjl 


iLiji jj*** ( b ) * 4 u^**- ( a ) 


( ■^t^.j-i J JjVi 


(a) 

■ *' The resultant -L to the first force ■" ■ Ff + F> cos a = ^ 

s +F(^} =■ 

F = a kg.wt [pi 
R T =F/ + F T r + fF, F> cos a: 


- R = 4*j3 kg.wt j^| 


R = n+ n i - U i x u _ 


J = tA J 



I 


(b) 


M b =BAxF 


■ 


llk=(i—5j)x(Li+MJ) H 
P M + 3 L = ^ '■ ...(1) M 


m d =dAxF M 


llk=(M+5L)k 

0={3i-4j)x(Li + MJ) H 

0=(3M+4L)k ■ .-. rM+iL=. . 

= n **' nn 

From {'), (t) L=^ a M = -t F=(3i-4jj} |gg 

7 = ^9+16 = force unit 


(<) 


B 


n 








































[ m ] SNl ^m|i iiil JjJ / £ . i VV ( ^JLi ) 

- ljjW JjMtAn l ---- 


i ha* ( b ) 4 ( 3 ) | { Jl/frmll 4 jIa|; 


( a ) The fii'st case : 

R + R;V = r ' . 0 ) 


1 


M D= b ,h ^ a ' — 'T 1 x T ■ = ■, 


■"■ R , = \ t Newton ||g 
From ('■) : r = a Newton 
The second case : 


M d - ■ ,h p -X — T. i xV'h—n 
p = V * Newton |||| 

R' t = t i + * . = o, Newton |j| 



(b) 


IS 48 _ 30 _ 24_ 


g 


9 24 15 12 

■’ Forces are proportional with sides length 
and act in same cyclic order 
" The system equivalent to a couple its moment: 

m = -2x2x 12 + 24 x9 


lOUpl 


= - 1 £ A Newton . cm 


I 


The system equivalent to a couple its moment - ~ 1 * A Newton. cm 



» c 

































The two forces 1 * a luiii ] sjU Liij jj / £ . ^ vv ( ) 


I J>V1 JjlaJl ,^>>1 


*i1aj4 i p4Ai ( b ) i ^La.j4 ,K4Ai ( a ) P.jjjf 1 | ! ^4^*3 


(a) 

_By using the triangle force rule : 


sing me 


_I_ _ R 30 

'2r r ,/Tr 

.'. T = 20 VT Newton 


J P- = 10 > /3 - .Afewfon | 




Line action of resultant passing Through mid of BC 


Ma=- I P L sin r - = - t L kg .wt.. cm. 

M c = -t Lsin- = - t L kg wt.. cm. 

_m_ 
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Remark : Calculators are allowed. 

Gravitational acceleration 2 = “* A m / sec' 


jjj. . 


, .r. 




jri. j-iiV '' : J w £- i j—_ : .iyi _t 

T -7- Llia-jjiA ^ - is -■ ■• — Z iU «'] jL 7- jj ill 


y - f 1 1 = A j \ ) is. the set of rig ht ha nd system of unit vectors., where i , j are orthogonal 
in the direction of ox and o y respectively, while is perpendicular to their plane 
m direc tion o z. 

I- STATICS 

AmwStTlVOj^tiestinii^Q^vLYfronidiefjDlEwingi 

' - ( 1 ■ Marts ) 

(a) Two forces of magnitudes F , ¥*J~2 Newton act on a particle and include between them 

a 

an angle of measure 135 . Find the measure of the inclination angle of the resultant to the 
greater force . then find the value of F when the magnitude of their resultant equals i^~2 
Newton. 

(b) ABGD is a square of side length ' * cm. x , y are the mid points of AD . DC 
respectively . Forces of magnitudes F , K . ^ a gm . vrt act along AB , CB , CD 
respectively . If the tine action of their resultant is xv . find the values of F , K . 

t- ( 1 ■ Marks ) 

(a) A body of weight 'f t gm. wt is plac ed on a smooth plane inclined to the horizontal at an 

D 3 

angle 0 where tan 0 = —. The body is kept in equilibrium under the action of a horizontal 
force of magnitude F griLwi . Find the value of F and the reaction of the plane to the body. 

(b) AB is a non-uniform rod of length (one meter) and weight * 0 kg. wt. It rests in a 
horizontal position on two supports at C , D where AC = BD = ^ ■ cm . If a weight of 
magnitude °* kg . wt is hanged at its end A, then the rod is about to rotate around C . 

Find the point of action of the rod weight, then find the maximum weight that can be 
suspended at B, without disturbing the equilibrium and without removing the weight at A . 

*- ( 1 ■ Marks ) 

(a) The force F = L A i + Mj acts at the origin point O. If the algebraic measure of its 

moments about the two points A=( r 7 ") . B = ( ♦ , r ) equal ^ ' t moment unit, 

respectively, find the value of L,M and then find the length of the perpendicular segment 
drawn from the point B to the tine action of this force. 

(b) ABCD is a rectangle in winch AB = * cm : BC = Y cm . The point E E BC such that 

CE = r cm . Forces of magnitudes and * ^2 gm.wt acted along AB , AD , 

CD , DE and EA respectively . Prove that the system is equivalent to a couple and find the 
norm of its moment. 

[ ^ *•' ■ ■■'j 1 4A. J 
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Remark : Calculator? are allowed. 

2 

( 1 ) Gravitational acceleration g = 9.8 m / sec 

(2) (""i ^ ^ ) is tlie &et of light - hand system of unit vectors, where 1 are orthogonal 

in the direction of o x and o y respectively. while \ is peipendiciilar to then plane . 

I - STATICS 

Answer ONLY TWO Questions from the following 

1 - (a) Two forces of magnitudes 4 s 2^/J kg.wt acts on a particle and the measure of 
the angle between them is 1 5(f find the magnitude of their resultant and the 
measure of the angle which makes with die greatest forces. 

(b) The force F = 6 A i - S A j , acts at the point A = { 1,2 ). Find the moment vector 
of this force about the point B = (-3 „ -1) „ then find the length of the 
perpendicular segment drawn from the point B to the line action of the force. 

2- (3) AB is a uniform rod of length 120 cm and of weight 15 Newton acts at its midpoint, 

rests in a horizontal position on two supports, one of them is at the end A and the 
other at a point 20 cm distance from B 7 find the magnitude of the weight that should 
be suspended at B such that the magnitude of the reaction on the nearest support to 
this end equals three time the magnitude of the reaction on the support A , hence 
find the magnitudes of these reactions at this instant. 

(b) ABCD is a square of side le ngth 20 cm, Forc es of magnitudes 6 , 7 , 6 ,? 
Newtons acting along "aS , CB, Cl? and AI? respectively, and two f orces each of 
magnitude 4^2 Newtons acting at the points A, C in the direction of bS ,dS 
respectively. Find: 

1) Norm of the moment of the couple that equivalent to this system of forces. 

2 ) The magni tude and direction of two forces acting at B, D which are both 
parallel to AC and make the system in equilibrium. 

3- (a) A weight of magnitude 200 gm wt is suspended by two strings of lengths 50 cm, 

SO cm from two points on the same horizontal line, the distance between them 
100 cm. Find the tension in each string. 

(b) ABCD is a rectangle in which AB = 8 cm . BC = 6 cm, H is t he m i d-po int of L AB , 
forces of magnitudes 2,3 ,4,5 ,5 -Jti Newton acting along B<?, DC? , DA, BI? 
and H<5 respectively. Find the algebraic sum of the moments of these forces about 
each of the points B , C. 

[ Ljmi iiiuaJ'i Jt iil Jji Li ] 
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Remark : Calculators are ailotved. 

(1) Gravitational acceleration g = 9.8 in / sec" 

P)0 . j . 0) is the set of right - hand system of unit vector?, wher/i ./j are orthogonal in 

the direction of o x and o y respectively, while \ is perpendicular to their plane . 

I - STATICS 

Answer TWO Questions ONLY from the following 

1 - (a) Two forces of magnitudes (5^3 . 6 Newicm act on a particle and the measure of the angle 
between them is 150° . Find the magnitude of their resultant and the measure of the angle 
which it makes with the greater force. 

(b) The two forces F i = if i = A i + act at the point A = { 13 ) 

Find the moment vector of their resultant with respect to the point B = { 5 ,0 ) „ then 
calculate the length of the perpendicular drawn from the point B to the line of action of the 
resultant. 

2- {a) ABCD is a parallelogram , in which AB = 18 cm . BC = 20 cm. m ( A ) = 3$ 

Forces of magnitudes 8,6 , S , 6 Newtons act along BA, B?, D? and dA respectively. 
Prove that this system is equivalent to a couple then find the norm of its moment, then 
find the magnitude of each of the two forces which act at A, D and are perpendicular to 
AD and equivalent to the previous system . 

(b) A uniform wooden beam AB (its weight acts at its midpoint) of length 16m, and its 
a weight is 40 kg.wt. , rests in a horizontal position on two supports, one of them is at 
distance of 2 meter from A , and the other is at a distance of 4 meter from B. If a ma n whose 
weight is 80 kg.wt ascended on tihe beam , find the magnitude of the reaction of each of the 
two supports on the beam when the man stands at A . If the man move on the beam starting 
from A towards B, find tihe maximum distance which the man can moves such that the 
beam does not overturn. 

3- (a) A body of weight 12 Newtons is suspended from one end of a light string whose length 

130 cm . The other end is fixed at a point in the vertical wall, the body is pulled by a 
horizontal force which makes it at equilibrium when it is at distance 50 cm from the wall. 
Find the magnitude of each of the force and the tension in the string . 

(b) Two forces^ , Fi act at the tw r o points A . B respectively in peipendicular direction on 
where AB = 30 cm , and their resultant R = - i/i + 4^ act at the point C € Alf 
given that ^ = - (ft + S^j determine F| and the length of BC 

( ulll! j ^ * 1 ■ -*j 1 duiu ] 
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Remark ; Calculators are allowed, 

(1) Gravitational acceleration g = 9.S m / sec' 

raft.i.t) is the set of tight - hand system of unit vectors, where ' 1 l , 'j are orthogonal in 
the direction of o x and o y respectively, while^t is perpendicular to their plane . 

I - STATICS 

Answer T1YQ Questions OXLY from the foUowiflc 

1 - (a) The coplanar forces of magnitudes 2.4, 2^/3 Newton act on a particle along the directions 
east. 60 C north of the east, 30° south of the west respec lively . Find the ma gnitude of the 
resultant of these forces and the measure of the angle between the resultant 
and the first force . 

(b ) A B is a uniform rod of length ISO cm and weight of magnitude 120 Newton 

(acting at its middle ). The rod is suspended horizontally by two vertical light strings at its 
ends . Find the position of suspending ( on the rod ) a weight of magnitude 300 
Newton so that the magnitude of the tension at the end A is double the magnitude of the 
tension at the end B . 


2- (a) The force F = 3 i —3j act at the point A =10,3} , Find The moment vector of F 
with respect to the two points B = \ 4, 3), E=(—2,1) ■ Hence prove that the line of 
action of F bisects BE . 

(b) ABC is a right angled triangle at B, in which AB = 3 cm , BC = 4 cm. Forces of magnitudes 
12,16,20 Newton act along AB , BC , CA respectively. Prove that the system of 
these forces is equivalent to a couple then find the norm of its moment . Also find the 
magnitudes of the two fences which act at A , C and are perpendicular to AC which mate 
the system to be in equilibrium . 


3- {a) A body whose weight is of magnitude 9 Newton is placed on a smooth plane which inclines 

n 

to the horizontal at angle of measure 30 . The body is kept in equilibrium by a force of 
magnitude F Newton which inclines to the line of the greatest slope of the plane at angle of 
measure 30° upwards . Find the value of F . then find the magnitude of the reaction of the 
plane on die body. 

(b) ABCD is a trapezium in which m ( Z ABC ) = m ( Z BIX' ) = 90 , AD !i BC „ 

AB =12 cm : BC = 25 cm and AD = 9 cm . Forces of magnitudes 75 , F 3 50 Newton act 
along DA „ BA . DB respectively . If the algebraic sum of the measure of moments of 
these forces about C vanishes, find F . Then find the algebraic sum of the measure of 
moments of these forces about E where E e BC , BE = 5 cm 


[ 4-u'lU I J ! ■ ^3 ^ ■ ■ ‘j I lU. J 
















